that the husbandry system is appropriat e and that birds are not unduly stressed (see also Section 11.2.2 ). Suitable rewards for seabirds include mealworms, frozen ®sh cubes and squid (heads or whole) (A Sandos, personal communication).
Potential health and welfare problems
Feather dam age and loss of waterproofingÐkeep birds on salt water, ensure that water quality is good and that they can leave the water to preen and roost if necessary. Ensure that the¯ooring substrate can be kept clean and will not abrade the feathers (see 16.2 ). Foot lesions, joint infections, pressure soresÐdo not provide uniform , hard surfaces;¯ooring should be uneven to spread the birds' weight or made from soft mat erials if necessary (see 16.2). Aspergillosis and other opportunistic infectionsÐminimize or eliminate exposure to untreated wood and damp vegetable matter; never handle seabirds directly after other species and reduce stress wherever possible. Consider dosing with itrac onazole as a prophylactic (see 16.2 ). Stunted growthÐuse adult birds if possible; if chicks must be reared then collect them when as near to¯edging as possible (see 16.3 ) . Ensure that the nutrient content of the diet is appropriate (see 16.4 ). Boredom/stereotypic behaviourÐ group-house birds and provide good qualit y and quanti ty of space (see 16.5 ).
Ducks and geese
Wild and domestic geese and ducks are often used in fundamental research, for example to study the physiological responses to¯ight or diving, thermoregulati on or avian neuroanatom y. T his often involves surgery with recovery, to implant telemetry or dat a logging devices or to introduce neurotracers. Fundamental research using waterfowl may have a direct ecological application or may be undertaken to add to biological knowledge. Domestic ducks are used in medical studies as models for human hepatitis, although they do not show clinical signs of the disease (Jil bert 1999 ), and in toxicology studies relating to environmental impact assessment.
Waterfowl have been used by humans for eggs, meat and feat hers for thousands of years, and varieties of ducks and geese have been domesticated for at least 4000 years. Domestic geese and ducks have been selected for meat and egg production, but all breeds retain most of their`wild type' behaviour and are generally more nervous and easily upset than other dom estic fowl.
Natural habitat and behaviour
Ducks, geese and swans belong to the family Anatidae, which includes over 140 species distributed worldwide. All are wetland specialists, so are primarily adapted to locomotion and feeding in water and have varying abilities to walk and feed on land. Most species live on or near freshwater ponds, rivers and lakes, alt hough many inhabit or feed at brack ish estuaries and some are marine. Ponds and lak es are used by ducks and geese for feeding, mating (in large-bodied domestic birds) and as a refuge, particularly at night. Water is also very im portant for`com fort' behaviours such as bath ing and preening.
All geese (and swans) belong to the Anserini, a tribe within the subfam ily Anserinae. Geese are sexually monomorphic and are exclusively vegetarian. T hey are adapted mainly for feeding and grazing on land, so their legs are positioned centrally under the body for ef®cient walking and running. Ducks are mostly sexually dimorphic and different species may be vegetarian, carnivorous or omnivorous. T he several tribes of duck within the subfam ily Anatinae are adapted for feeding on land and/ or water to varying degrees, ranging from the Anatini or dabbling ducks (e.g. the mallard Ana s pla tyrh yn ch o s ), which feed mainly in shallow water and walk well on land, to the Mergini or sea ducks (e.g. the surf scoter Me la nitta fus ca ), which have wide bodies with the legs set far bac k for powerful swimming and diving and are rarely seen far inland. Food habits vary within each species, depending on local food availabilit y, the season and whether the birds are growing, moulting or breeding (Cant in e t a l. 1974 , Brown & Fredrickson 1986 , Paulus 1988 .
Migra tio n a nd b re e d in g:
Some species of ducks and geese migrat e between summer and winter habit ats, which are typically north temperate or Arctic and temperate zones, respectively. Birds becom e physiologically prepared for long¯ights, which includes building up the pectoral muscles and laying down subcutaneous and visceral fat reserves. T he body mass of waterfowl can therefore¯uctuate considerably throughout the year (Owen & Blac k 1990 , Saunders & Fedde 1994 .
Many species of waterfowl live in largē ocks during autumn and winter and most form pairs while at their wintering grounds and migrate to the breeding grounds together. T he breeding season for most temperate species lies between February and July, and mat ing follows a species-speci®c courtship display. Females lay clutches of eggs that range in number from around four (e.g. barnacl e geese Bra nt a le uco psi s) to 15 or more (e.g. mallards, tufted ducks Ayth ya fuligula ). Incubation is undertaken by the fem ale alone in the majority of species, beginning when the penultimate or ®nal egg is laid and lasting between 22 and 36 days (Owen & Black 1990) . Most ducks can partially replace a clutch of eggs if it is lost during the early stages of incubation, but this is rare in geese. All ducklings and goslings are precocial and receive a varying degree of parental care.
T he majorit y of waterfowl are monogamous, i.e. one male and one female pair remaining together exclusively for at least one breeding season and sometimes for life. Duck pairs remain together until the female has begun incubation, when the males leave; pairs may reform on the wintering grounds, but long-lastin g bonds are rare. Geese, however, often form stable pairs that last for a number of years and barnac le geese have been found to pair preferentially with birds from their own breeding areas (Choudhury & Blac k 1994 ) . Male geese usually help to rear goslings, and family groups may remain toget her for extended periods, whereas most female ducks are left to care for the young alone and the brood disperses aft er the ducklings have¯edged (Owen & Blac k 1990 ) .
Mo ult ing:
Geese moult once a year after the breeding season, whereas most ducks moult twice a year so that their breeding (nuptial ) and non-breeding (eclipse) plumages are different. T he eclipse plumage is displayed during the moult of¯ight feat hers and is less colourful than the breeding plumage. All geese and some ducks shed all the¯ight feathers simultaneously during moulting and are¯ightless until the new feat hers have grown. T his is often associated with`m oult migrations', where birds move to safer areas during the¯ightless period. T his lasts for between 3 and 5 weeks and is often accompanied by a decrease in¯ight muscle mass (Owen & Blac k 1990 , Saunders & Fedde 1994 . T he behaviour patterns of some species may also alter while their mobilit y is restricted, which includes changes in feeding tim es and stronger responses to stimuli interpreted as threatening (Kahlert e t a l. 1996 ) . Moulting birds may therefore require extra consideration, i.e. they should always have a refuge where they can feel secure, and disturbanc e should be minimized.
Recommendations:
Find out about the habit at and nat ural behaviour of each species of duck or goose at the project planning stage, before any birds are obtained. Be aware that birds will become prepared to migrate and that their mass will uctuat e seasonally. Give special consideration to birds who are moulting and keep disturbanc e to a minimum. Remember that all waterfowl are liable to be nervous and need kind, empathetic handling and husbandry.
Housing and space requirements
Ducks and geese should always be kept outdoors or have access to outdoor runs unless there is a strong scienti®c or veterinary justi®cati on for keeping them indoors. Birds housed outside should be kept secure from predators and should be supplied with a shelter. T hey should also have a pond and vegetati on for cover and/or grazin g as applicable.
Flo o ring: Waterfowl should be housed on solid¯oors. Rough concrete surfaces are unsuitabl e as they can cause foot traum a and infection such as bumblefoot (Forbes & Richardson 1996 , Humphreys 1996 , and species with heavy bodies can damage the feathers and keel if they sit out of the water on rough surfaces for long periods (Marti n e t a l. 1984). T he waterproo®ng properties of feathers are due to their structure, not the oil produced by the preen (uropygial ) gland that the bird applies to them, so it is vital that good feather structure is maintai ned, particularly as feat hers will not be replaced until the next moult (Robinson 1996) . More suitable surfaces include plastic arti ®cial turf, smooth rubber matti ng or deep pile rubber car mats (UFAW 1993 ) that are comfortable and easy to clean. If litter is used it must be maintained in a dry, friable condition and be suf®ciently deep to dilute and absorb faeces. If waterfowl cannot be housed on solid¯oors, soft plastic mesh should be used rather than wire grid and a solid resting area should be provided that covers at least one-third of the pen¯oor. Ducks and geese drink and excrete large amounts of water, so they should be cleaned out at least once daily. Drinkers and ponds should be located over grid areas with drains beneath to prevent ooding.
Pre ve ntin g a spe rgill o sis: Aspergillosis, a mycotic infection caused by Aspe rgillus fum iga tus and spread vi a spores, is a particular risk for water birds especially diving and sea ducks (Brown & Forbes 1996) . Contact with mouldy feed and bedding must be minimized, although this does not justify keeping the birds in barren conditions. If straw is used for bedding, it must be of a good quality and it must be replaced when wet. If bedding is necessary for birds during illness, travelling or for postoperative care, it should be made from shredded paper, wood wool or peat. Stressed birds are especially susceptible to aspergillosis (Brown & Forbes 1996 ) so it is vital to minimize any distress caused to the birds by housing, husbandry or procedures. For more informati on on fungal, parasit ic, viral and bacterial diseases of ducks and geese see Wobeser (1997) .
Spa c e re q uire m e nts: Ducks and geese should have suf®cient space to permit walking, running and wing¯apping (Table 1) and should be supplied with a pond large enough for swimming and diving as appropriate (Table 2 ). Flight may not always be possible or desirable, as the manoeuvrability of many waterfowl in the air is not especially good, and so¯ight could lead to injury. Whether or not safe¯ight is possible will depend on the size of the birds, the size of the pen or compound they are housed in and how they react when attem pts are made to catch them. It may be necessary to clip the wings of some species but this should never be done without good reason; they should be monitored to see whether they are liabl e to injure themselves ®rst. Small ducks e.g. Ayth ya spp. can y quite safely in large enclosures and still be caught when necessary. Birds should never routinely be pinioned without considering alternatives (see Section 11.2.3 ). Geese are adapted to walk while grazi ng and so will require a greater proportion of walking and grazin g land than dabbling and diving ducks. Swimming exercise is more important for ducks, and diving ducks need suf®cient depth of water to dive in. Some diving ducks, e.g. stifft ails such as the ruddy duck, O xyura ja m a ic e nsi s, are very poorly adapted for walking and rarely leave the water so they will need large ponds.
Recommendations:
Keep waterfowl outdoors whenever possible.
House waterfowl on solid¯oors with a suitable substrate whenever possible; if plastic mesh must be used then provide a solid resting area. 
Ph ysi ca l e nviro nm e nta l c o nd itio ns
T he optimal temperature range for domestic ducks and geese housed indoors lies between 18 and 21 C, although the thermoneutral zone of cold-adapted individuals or species may vary considerably. Waterfowl are extremely well insulated, so published literature should be consulted before housing nondomesticated birds to ensure that they will not suffer from heat stress. T his especially applies to species native to temperate or polar regions. For domestic ducks, relative humidity should be maintained at 50±70% . Air quality parameters should be monitored at bird head height and am monia levels should not be permitted to rise above 25 ppm. Carbon dioxide levels should not rise above 5000 ppm. Averaged over 8 h, dust should not exceed 10 mg/m 3 and carbon monoxide should not exceed 50 ppm (RSPCA 1999 ) .
Day length for waterfowl, especially growing chicks, should correspond to that at the latit ude of their usual habit at each season, and this inform at ion can be obtained from bird books. Incorrect day lengths will disrupt annual cycles, including moulting. In general, tropical species do well with a 13 h light to 11 h dark regim e, whereas polar species can have 24 h light during the summer/growing period (Kear 1976 ). Tem perate species will need intermediate lighting periods depending on the season. Domestic birds should have at least 8 h daylight (either by providing arti® cial light or allowing them outside) and a minimum of 6 h of continuous darkness in every 24 h cycle. A minimum of 20 lux light intensity must be provided to allow birds to see and be seen without dif® -culty. Lights should not be suddenly turned This should include a pond ( on or off and there should be a`twilight' period to simulate dawn and dusk.
Recommendation:
Research and maintain appropriat e environmental conditions and day length for each species.
Breeding and rearing

Bre e d ing vs re a ring:
It is generally easier to buy in fertilized eggs and incubate them using an arti®cial incubator or broody hen than to breed waterfowl for research use (see Section 8). Expert advic e on the behaviour and requirements of each species will be needed before setting up a breeding programme. It is especially important to ensure that there are suf®cient nesting sites and mat erials to prevent competition, and that the rat io of males to fem ales is such that fem ales will not be harrassed. Breeding waterfowl exhibit varying degrees of territoriality during the breeding season, which may lead to aggression if insuf®cient space is provided.
Re a rin g d uc k lings a nd go slin gs:
For guidan ce on incubat ing and hatching eggs, see Sections 8.2 and 8.3. When¯uffed up and alert, chicks should be group-housed in an indoor brooder pen with a brooder lam p. Ducklings appear to thrive best if they can choose where they want to be along a temperature gradient (Forbes 1996) . Hatchlings should never become seriously chilled or they may suffer from septicaem ia or gastroint estinal disease, even after they have been warmed. T he brooder temperature should be 32±34 C and be decreased by 3 C weekly until the birds are around 5 weeks old (Forbes 1996 ). Plastic or rubber matting (UFAW 1993 ) or Astroturf is suitable bedding for juvenile birdsÐhay, straw, shavings and newspaper can tangle around the feet, be eaten and cause impaction, or harbour Aspe rgillus . Ducklings and goslings are precocial and covered in down, and can walk, eat, swim and dive almost immediatel y after hatching. Broods hatch synchronously and have a strong instinct to become imprinted on and follow their parent(s). It is very important to provide the hat chlings with an appropriate item or person for imprinting immediatel y or at least within the ®rst 16 h after hatching (see Section 8.4). Waterfowl will accept a wide range of`parent' objects but they do not appear to become sexually imprinted on them if they are reared in a brood rather than singly (Matth ews 1973 ) .
Fe e d ing d uc k lin gs a nd go slings:
Ducks and geese feed by a variety of methods including pecking, sieving, grazing, diving and digging, so appropriat e food should be given that is easy to handle and will encourage correct feeding behaviour. Chick crumbs are suitable for species that peck at discrete food items (e.g. dabbling ducks and some diving ducks), but are too dry to be eaten on their own so a bowl of water should always be available nearby. Floatin g food such as duckweed (Le m na spp.) and small seeds including millet, canary seed and rape can be added to the water for species that sieve their food, and goslings can be given turf or specially grown grass (Kear 1976 ) .
T he appearance of food is very important when encouraging young ducks and geese to feed. Waterfowl have good colour vision and hatchlings will preferentially peck at green 
Pro vid ing w a te r fo r sw im m in g:
Newly hatched ducklings and goslings are very active and can be introduced to water for bathing in a shallow pebble ®lled bowl within 24 h of hatching (Forbes 1996 ) . Great care must be taken when allowing very young hand-reared ducklings or goslings access to a pond for swimming. Natal down is poorly structured for waterproo®ng, but naturally-reared chicks are brooded by their parents, which keeps them clean and dry (Robinson 1996) . Hand-reared chicks can become soaked and chilled if they spend too long in a pool and may also have dif® culty in getting out of the water. T hey must be supervised and called out if they get too wet, then dried off on someone's lap or under a brooder lam p. Short swims two or three times a day will provide ducklings and goslings with supplementary exercise and help to encourage preening. A shallow pond with large stones on the bottom will also give them extra interest (food or grit can be scattered among the stones) and help to exercise their legs. T he pond should be emptied or closed to the birds when unsupervised until they are larger and have begun to`feat her up', which will occur at some 3±6 weeks of age, depending on the species. Birds should also be moved to outside housing at the same time but must be provided with a shelter as the juvenile feathers of many species are not water resistant (Forbes 1996 ) . 1989 , Kirkwood 1996 . Growth rates should be carefully monitored and regularly compared with published growth rat es for the sam e sex and race.
G ro w th
Recommendations: Anticipate and plan for increased aggression if you intend to breed birds. Supply a brooder lamp for all species to prevent chilling. Choose food that will encourage appropriate feeding behaviour and supply it im mediately after hat ching. Provide natural food items and make sure that they are safe. Allow supervised access to water within 24 h after hatching but never allow birds to become chilled.
Check that dietary content is correct and that young birds are growing at an appropriate rate.
Diet
A variety of commercially produced diets are available for waterfowl, but these are often bland and their nutritional content may be inappropriate (see Section 9). Diets that will meet a species' nutritional requirements and promote natural foraging behaviour should be researched and form ulated before any anim als are obtained (Section 17.5.2).
Environmental stimulation
Although suf®cient space to exercise is of primary importance for waterfowl, a stimulati ng environment is also necessary to encourage them to forage, play and use all three dim ensions of their pond. Features of their natural environment can be reproduced to an extent in the laboratory, and a variety of natural and synthetic objects can be used to provide environmental stimulation in pens and ponds.
G o o d q ua lity e nviro nm e nt
Grazing geese will need suf®cient space to forage and exercise by walking but may bene®t from either nat ural plant cover (either outdoors or potted shrubs indoors) or arti®-cial refuges such as boxes and straw bales. Freshwater ducks may also need cover or a refuge, but this is less likely to be im portant for sea ducks, who are more dependent on water as a refuge. Many waterfowl will become interested in items securely ®xed to the walls of their pens that they can pull, such as lengths of metal chain (which should be replaced if they rust) or large plastic cabl e ties. T hese items should be too large to swallow or be very securely ®xed. A further advan tage of this type of environmental stim ulation is that it can be left in place and hosed down when pens are cleaned. Birds should be encouraged to use all three dim ensions of their ponds or tanks. Stones and bricks at the bottom of ponds encourage dabbl ing and diving, as does supplying food or grit for the birds' gizzards on the bottom only. T his is vital for diving birds even if the water is relatively shallow, as air within the respiratory system and plumage becomes more compressed with depth (Lovvorn & Jones 1994 ); hence the birds work hard against their own buoyanc y at the top of the water column and so gain natural exercise. Cable ties for pulling can also be stuck on the side of smooth-walled ponds or tanks. Supplying treats in submerged pipes will encourage longer dives, but care must be taken not to supply anything in which birds could become trapped and drown. Other suitable items for the bottom of deep or shallow ponds include shells, vacuum cleaner fan belts (used for snatching games) and new, clean rubber bungs (Hawki ns 1998 ).
Everything given to birds should be clean and non-toxi c and either too large to swallow or safe when swallowed. Aggression may be associat ed with the provision of environmental stim ulation if animals are competing for an insuf®cient number of objects or the space allowance is inadequate, but this can be reduced or prevented by allowing suf®-cient objects and space and by observing the birds. Occasional competition for items accompanied by single pecks, rather than sustained attac ks, should be regarded as normal social interaction and is no reason to stop providing environmental stim ulation.
Recommendations:
Provide natural or synthetic cover for grazi ng and freshwater birds. Encourage birds to use all three dim ensions of their pond by placing obj ects or food on the bottom . Experiment with a variety of enrichment obj ects; observe the birds' behaviour and use it to invent new toys. Make sure that there are suf®cient items and space to prevent serious disputes over obj ects.
Fo ra ging b e h a vio ur
Waterfowl in the ®eld often spend more time feeding than doing anything else (Goudie & Ankney 1986 , Paulus 1988 , Sedinger 1992 (Forbes & Richardson 1996) . Short billed species such as the barnac le goose graze most ef®ciently on short grass, whereas those with longer bills have a slower pecking rat e and require longer grass (Owen 1976 ) . Grazing species housed indoors should be given turf as environmental stimulation and to supplement the diet. If pathogens in collected turf could present problems,`clean' grass can be grown for them by growing cereal seeds on absorbent paper in clean seed trays with drainage holes. Dietary enrichment for geese includes lettuce, celery, hydroponically grown grass, lucerne (alfalfa) and grass clippings. Suitable grains are wheat, barley, oats and corn. Whole cabbages can be either ®xed to the ground outdoors or suspended at bird head height indoors. Goslings can be given hydroponic grasses, comfrey, kale and other`greens', shredded or cut ®nely (Lint & Lint 1981 ) .
Diving a nd d a b b ling d uc k s:
For freshwater birds, duckweed (Le m na spp.) can be added to the pond to supplement the diet and encourage foraging and can also be frozen in the summer for consumption later in the year. Tubs of hydroponically grown grass or pieces of turf and duckweed can also be given to herbivorous or omnivorous waterfowl for grazin g. Wheat and dry dog food are suitable for shelducks, diving ducks and dabbli ng ducks, with the addition of corn for dabbling ducks (Lint & Lint 1981 ) . Feeding diving or dabblin g ducks their regular food or treats on the surface or at the bottom of the water will make them work harder and longer for their food, which is especially im portant for specialized diving birds.
Exclusively carnivorous diving ducks such as eiders and scoters will need a diet containing animal protein that sinks when thrown into water but does not disintegrate too quickly. A good supply of grit is also essential to compensate for anim al shells that would normally be ingested. It can be dif®cult to obtain the natural food of sea ducks (e.g. very small blue mussel spat) but dietary enrichment can be provided in the form of small ®sh such as sand eels Am o d yte s spp. Birds fed on the bottom of the pond can be weighed weekly to ensure that they are gett ing enough to eat. If the pond cannot be emptied regularly for cleaning, any residue of uneaten food and faeces can be siphoned out using a tube with a vacuum cleaner att achment on the end, and the water level can be topped up.
Recommendations:
Encourage birds to spend time foraging, e.g. by scat tering food, not giving it in bowls. Ensure that food is availabl e at times when birds prefer to eat as a group. Manage outdoor grass carefully for grazing species to prevent parasitic infections and tram pling.
Provide suitabl e vegetable food indoors, growing it hydroponically if necessary.
Feed dabbling birds in the water and diving birds on the bottom of the pond.
G ro up size a nd c o m po sitio n
Waterfowl are extremely gregarious and form strong attac hments to one another. Living in large groups confers two main bene®ts: reduced individual risk of predati on and enhanced location and exploitat ion of food. Geese in particular form long-term, stable bonds, especially within family groups (Ely 1993) . Some ducks such as the European teal (Ana s c re cc a ) and common eider (So m a te ria m o llis sim a ) do especially well in groups and display behaviour that may not be observed in single pairs, but others should be kept in single pairs only, e.g. shelducks, Ta d o rna ta d o rna (Forbes & Richardson 1996) . Group housing ducks and geese is vital for an acceptable standard of welfare in the majority of cases and the amount of time when any individual is left alone should be minimized. Ducks and geese generally become distressed if they cannot see conspeci®cs, so it may be necessary to provide a bird undergoing procedures with a companion who they can see (e.g. Stephenson 1994 ) or an object on which they are imprinted. Similarly, injured birds should generally be hospitalized with another compatible bird, unless there is a risk of infection. T he minimum group size should therefore be four, as this ensures that two other birds remain when one is removed for procedures or weighing and that a bird on procedures can be provided with a companion if this is feasible. It is preferable to keep larger groups than this, with equal numbers of males and females wherever possible.
Bre e d ing gro ups:
Many species of waterfowl become territorial during the breeding season. Male ducks and geese will defend fem ales against other males until incubation has begun, and geese will defend their mate and her feeding resources throughout incubation. Some geese drive other families of geese away while rearing young. In most dabbl ing ducks, stifftai ls and some diving ducks, lone males will attem pt to forcibly mat e with other fem ales. Many broods of mallards have mixed parentage as a result (Owen & Blac k 1990 ) but this extra-pair forced copulation can also result in the deat h of the female. It may be necessary to reduce group sizes and ensure that there is suf®cient space to allow escape and reduce the risk of injury.
Recommendations: Avoid housing waterfowl singly. Maintai n groups of at least four birds, preferably with equal numbers of males and females. Make sure that you are aware of behavioural changes during the breeding season and that you can cater for them.
17.5.4`Na tu ra l' c o nd itio ns
T he opportunity to replicat e natural wildfowl habitats is limited in the laboratory, but consideration should be given to supplying features of the habitat that are likely to be im portant to the birds, for example shallow water with vegetation for dabblin g ducks, turf for geese and deeper water with large stones for species that live along rocky coasts (Forbes & Richardson 1996 ) . All waterfowl should have some sort of pond with a mixture of stones and grit on the bottom , both to increase the birds' behavioural repertoire and to encourage adequate maintenance of the feathers. T he very minimum that waterfowl should be able to do is immerse their heads under water and shake water over the body. Many species may be nocturnal and rest during the day but still make good use of the pond during the night, especially if they are fed in or under the water. Solid plastic paddling pools or sandpits can be used as ponds if nothing else is avai lable. Some have lids that can be ®lled with water to make a very shallow pool for ducklings and goslings, and the deeper pool or sandpit can be ®lled with water and stones for older birds. Even if a pool is too shallow for birds to swim in, they can still use it for drinking, bathing and play, and food or treats can be scattered among the stones. Most waterfowl enjoy a shower and this can be set up using a hose and sprinkler over the pond to facilitate bathing and play.
Whatever the size of the pond or pool, birds must be able to get into and out of it easily, especially juveniles who may not be fully waterproof. Regular access to water is also important for the integrit y of the feet and helps to prevent`vent gleet', cloacal infections (usually Pse ud o m o na s spp.) caused by the birds being unable to defecate naturally into water while swimming (Redig 1996 ) . Ponds will need to be drained and cleaned out periodically, and the water in small indoor ponds should be continually replaced with clean water from a slowly running hose submerged at the bottom.
If birds are to be kept outdoors, a pond should be constructed for them or an existing pond should be adapt ed if necessary. Ponds should ideally include a range of depths and substrates, including clean gravel and sand with silt and mud in deeper hollows. Diving ducks will require deeper ponds than dabbl ing ducks and geese (see Table 2 ). Stones and boulders in a range of sizes should be placed on the bott om of the pond, and large boulders can be used as roosts if they break the surface.
From the birds' point of view, an ideal pond will have an island to allow privacy and feelings of safety, but this requirement must be offset against increased dif®culty with catc hing birds and the disruption that this may cause. Arti®cial islands can be constructed outdoors from concrete pipe rings placed vertically in the water if the cores are ®lled with rubble and earth.`Raft' islands that can be towed to the side of the pond when the birds need to be caught are suitable for indoor or outdoor ponds and can be made from a framework of treated wooden boards and expanded polystyrene. T he upper surfaces should be dry and the birds will need boarding ramps (Street 1989 ) .
Marine waterfowl often drink fresh water in the wild (Nystro È m & Pehrsson 1988 ) and may be kept on fresh water, but if so will have atrophied salt glands and may be susceptible to C a nd id a spp. infections in the mouth, conjunctiva and nicitatin g membrane (Waine 1996 ) . Such birds will need an acclimatizat ion period if they are released or rehomed to a collection with salt-water ponds.
Recommendations:
Provide all ducks and geese with a pondÐ even a child's plastic paddling pool is better than nothing. Consider constructing islands if the pond is large enough. Keep marine birds on salt water if possible, or they will need to be acclim ati zed to it before release.
Training and rewards
If ducks or geese are hand-reared, they can be habituated to experimental apparatus from hatch by encouraging them to follow their parent' into the laboratory and being fed there or given extra rewards. Noisy equipment should also be turned on to further accustom them to experimental conditions, which will reduce stress when they come to be used. Rewarding them aft er handling and procedures, if possible, may also help to reduce stress. Waterfowl enjoy being showered and this can be done (using a shower head or by placing the thumb over the end of a hose) before their pens have been cleaned and new bedding has been provided. Sea ducks generally eat very small invertebrates and may bene®t from the addition of dried shrimp to their diet, but also enjoy ®sh such as sprats (cut up) and sandeels (whole). Fish can also be used to reward sawbills. All omnivorous and carnivorous ducks can be given live mealworms, which are also a useful supplement to the diet although they have a high fat content. Geese and grazin g ducks like whole cabbages, maize and other fresh vegetables.
Recommendations:
Use imprinting and rewards to habituate young birds to the laboratory and equipment.
Give birds a shower before they have been cleaned out. T ry a variety of treats to reward birds after cleaning, handling and procedures.
Potential health and welfare problems
Leg abnormalitiesÐalways ensure that the nutrient content of the diet is correct, 
Birds of prey (Falconiformes and Strigiformes)
Birds of prey have been kept for a number of scienti®c purposes; mainly studies of raptor biology and husbandry aimed at contributing to basic knowledge on avian biology and especially on aspects relevant to the conservation of endangered species. Raptors feed on vertebrate prey and are at the top of their food chains', so have been found to be at risk from environmental pollutants. Populat ions of many species underwent dramatic declines worldwide associated with the widespread use of persistent hydrocarbon pesticides in the latt er half of the twentieth century. Raptors are therefore used occasionally for studies aimed at elucidating the toxicity of environmental contam inants.
Biologỳ
Birds of prey' or`raptors' are the collective terms given to the many species in the orders Falc oniformes (eagles, hawks and falc ons) 
Housing and space requirements
Although the management of birds for research purposes differs from that of birds kept for fal conry, study of the literature on falc onry and hawking (e.g. Woodford 1966 , Glasier 1978 
